FOOD COLOR CHANGES

Role of the Sugars in the Browning
Reaction in Potato Chips

R. S. SHALLENBERGER! and
ORA SMITH

Department of Vegetable Crops,
Cornell University, Ilthaca, N. Y.
and

R. H. TREADWAY

Eastern Utilization Research Branch,
U. S. Department of Agriculture,
Philadelphia, Pa.

This study was undertaken to elucidate the role of the sugars in potato chip color develop-

ment, as a result of nonenzymatic browning.

Both reducing sugars and sucrose react

with amino acids to produce brown colors, at temperatures used to fry potato chips.
Multiple correlation between potato chip color and the reducing sugar and the sucrose
contents of the raw potatoes, yielded a correlation coefficient of 0.983. Both reducing
sugars and sucrose must be considered in determining the svitability of a potato for
chipping. The multiple regression equation may accurately predict chip color.

POTATOES HIGH IN SUGAR content are
particularly susceptible to excessive
browning, when processed as potato
chips. Sweetman (73) found that po-
tatoes stored at temperatures favoring
sugar accumulation resulted in dark
colored potato chips. Denny and
Thornton (3, 4) found that the color pro-
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duced during the frying of chips corre-
lated best with the reducing sugar con-
tent of the raw stock, less well with the
total sugar content, and not at all with
the nonreducing sugar values. These
authors substantiated their findings by
demonstrating that filter paper disks im-
pregnated with glucose and fried would
brown,  while filter paper disks im-
pregnated with sucrose and fried would
not brown. However, selecting and
handling potato tubers to control chip

color, based upon the premise that the
color is a function of the reducing sugar
content, have led to inconsistent re-
sults. Tubers low in reducing sugars
may yield burnt or dark chips.

Patton and Pyke (9) observed that
potato slices which had been leached
until no color developed upon frying had
to be impregnated with both reducing
sugars and amino acids to develop color.
More recently, Habib and Brown )
found that multiple correlation among



chip color, total solids, reducing sugars,
and amino acids gave a correlation coeffi-

cient slightly higher than that obtained -

by comparing chip color with the reduc-
ing sugar content of the raw stock.

This report describes the role of the
sugars in potato chip color development
in the light of the nonenzymatic browning
reaction (7,2, 6). Data demonstrate that
sucrose as well as glucose and fructose re-
act in nonenzymatic browning systems at
potato chip processing temperatures,
and that both reducing sugars and sucrose
are responsible for the development of
potato chip color.

Experimental

Source of Potatoes. Four potato
varieties, Katahdin, Kennebec, Green
Mountain, and Russet Rural, were
planted at East Ithaca, N. Y., in a ran-
domized block from certified seeds.
These varieties were chosen because of
their contrasting potato chipping qual-
ity. Three harvests were made: an
early harvest 3 months after the planting
date, an immediate harvest 3 weeks
after the first harvest date, and a late
harvest 6 weeks after the first harvest.
On the date of picking, the tubers from
the randomized blocks (three) were
grouped, and separated according to
their specific gravity using brine solutions
(70) to eliminate the extremes in
variance.

After sampling for chemical analysis
and chip color on the date of harvest, all
varieties were placed in storage at 32°,
40°, 50° F., and room temperature
(80° = 10° F.). Samples for chip
color and chemical analysis were taken
from the 32°, 40°, and 50° F. groups at
2-month intervals. Samples were taken
from the room temperature storage at
l-month intervals. The object of the
varietal, harvest, and storage treatments
was to create extreme ranges and ratios
of sugar content, distribution, and vari-
able potato chip color.

Chip Frying. On each sample prep-
aration date, 1000 grams of potatoes
were peeled, washed, and sliced 2 mm.
thick. All tubers were sliced longi-
tudinally, or from the basal to the
apical end of the tubers. The slices were
hand mixed, and about 200 grams were
fried in fresh cottonseed oil using a
starting temperature of 188° C. (370°
F.). The chips were removed from the
oil, near the end of the bubbling, and
packaged in cellophane. It was estab-
lished that potato chip color is not ap-
preciably changed, if the time of frying
does not vary by more than 1 minute
from the subjective estimation of doneness
by observing the near cessation of bub-
bling (water evolution).

Color Measurement. The
color meter was used to measure the
reflectance of the potato chips. Chips
were macerated with a mortar and pestle

Hunter.

to a particle size of about 2 mm. or less.
An 8-gram sample was pressed into a 1-
inch cylindrical cake on a Carver press
using 10,000 pound pressure for 3
seconds. This procedure gave the chips
a uniform surface, and expressed most
of the oil. Hunter Rd values (reflec-
tance) were recorded using a black paper
mask containing a 1-inch aperture to
cover the Hunter meter sample platform.
All data are expressed as log (1/Rd X
10%). This expression is a near linear
function of subjective scores for potato
chip color over the entire range of the
brown pigment observed in chips.

Model System Procedure. The
model system procedure used in this
study is essentially a variation of the
technique of Denny and Thornton (3, 4)
for making artificial potato chips.
Whatman No. 1, filter paper disks,
5.5 cm., were treated with solutions of
sugars and of amino acids and fried in
cottonseed oil for 2 minutes at 188° C.
To remove the oil, the disks were washed
with carbon tetrachloride. Reflectance
measurements were recorded using the
Hunter color meter.

Determination of Sugars. At each
sampling date, two 50-gram samples
of sliced and chopped potato tubers
were plunged into 212 ml. of boiling
95% ethyl alcohol containing 0.25 gram
of calcium carbonate. After bringing
the alcohol to a second boil, the samples

~ were simmered on a steam bath for 55

minutes, and then transferred for storage
to 1-pint Mason jars.

For sugar analysis, the chopped potato
sample was further extracted three times
with water, and the combined alcohol
and water extracts were concentrated to
200 ml.

Sugars were determined, ° using
Nelson’s (7) photometric method, after
the extracts had been cleared using the
ion exchange procedure of Williams,
Potter, Bevenue, and Scurzie (74).
Total sugars were determined by treating
a portion of the extract with 1 drop of
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Figure 1. Nonenzymatic browning re-

action between glucose or sucrose with
0.2M glycine at 188° C. for' 2 minutes

1% invertase, prior to treatment with
Nelson’s reagents. Sucrose was calcu-
lated by subtracting the values for reduc-
ing sugars from the total sugar determi-
nation and multiplying the result
0.95. The reducing sugars in potatoe€s.
are predominantly glucose and fructose
while the nonreducing sugar is predom-
inantly sucrose (70, 77). All data are
expressed as grams.per 100 grams of
potato, on a fresh basis, and are the
average of single determinations on
duplicate samples.

Resuhs

Both reducing sugars (glucose and
fructose) and sucrose react with ‘amino
acids to yield dark brown pigments, when
filter paper disks are wet with a solution
of sugar and amino acid and fried under
conditions simulating potato chip proc-
essing. The reaction between glucose
and sucrose with 0.2M glycine is shown
in Figure 1. No color could be de-
veloped on filter paper with either glucose
or sucrose alone. Paper chromato-
graphic studies (77) showed that sucrose
is hydrolyzed in the presence of amino
acids (glycine) to yield glucose and fruc-
tose at temperatures as low as 150° C.
Presumably, then, the amino acid con-
denses with invert sugar and subse-
quently, forms brown melanoidins
(7, 2, 6, 8).

Simple correlation studies between the
sugar content and chip color of all potato
varieties from the first harvest date and.
various storage treatments (n = 52) con-
firmed the work of others (3, 4, 73). The
color of the potato chips correlated best
with the reducing sugar content of the
potatoes (r = 0.86), less well with the
total sugar content (r = 0.82), and poorly
with the sucrose content (r = 0.39).
However, all correlation coeficients were
highly significant. When potato chip
color was plotted against the reducing
sugar content of the raw tubers in Figure
2, the relation was not linear, although

1.6 — — T —
"’; i /"
> 1.4} o o 0% %o__g__
o 7
« + 00@00/0’8 8 o 1
~
3 e 0 070 © 0880
91 - o /630 ) 4
>1.00 o/ go —
= /

g 1o%&wo” o y:067+036x 1
Woglod A =086 |
z V4
= 7&3§ ° ]
S o.6bd®
2%°IE ]
o 308 E
04qbar 1 I R R N
0 04 o8 1.2 16 20 2.4

REDUCING SUGARS, G./100G, FRESH BASIS

- Figure 2. Relation between potato

chip color (reflectance) and reducing
sugar content of raw potatoes



simple correlation presupposes that the
relation between any two variables is
linear.

- The role of the sugars in potato chip
olor development is best tested by means

Table I. Comparison of Regression Equations of Sugars in Potatoes upon
Potato Chip Color (Reflectance)

[y = color, x; = reducing sugars, x» = nonreducing sugars (sucrose)]

of multiple correlation. Table I shows SEfandaor;! Coeif;cienf
. . . . rror

thz:l‘}cl potato Ch'lp color is a function of Factors Regression Equation Edtimate Correlation

both the reducing sugar and sucrose con- yor y = 0.67 +0.36 1 0.178 08598

tents of the potato tubers, as indicated by ¥ os. x2 9 = 0.80 + 0.33 x 0953 0 3860

the high coefficient of multiple correla- y vs: x1 and xz y =0.73 +0.32 x; + 0.018 x2 0.061 0.983¢

tion (0.983) obtained by comparing re-
ducing sugars and sucrose together with
the potato chip color. That the expres-
sion

e Significant at 19, level.

Table ll. Comparison of Calculated Color Scores for Pctato Chip Color with
Observed Scores ‘

[Using equation y = 0.73 + 0.32 x; + 0.018 x2 where y = color, x; = reducing sugars,
and x; = nonreducing sugars (sucrose)].

y = 0.73 4 0.32 51 + 0.018 x;

where y is chip color, x; the reducing
sugar content, and x: the sucrose con-

tent of the tubers best fits the data ob- Reducing .
tained, was confirmed by establishing Storage  Storage Sugars, Sucrose Potato Chip Color,
that the reduction of the residual error Potato Temp., Time, Harvest G.[/100G. G./100 G. log (1/Rd X 10%)
. .. . Variety °F. Months No. Fresh Basis Fresh Basis Estimated Observed
was highly significant, when the multiple. Katahdi 40 6 5 1 46 152
relation was compared with the effect of 220 UR 2.22 0.42 A )
either the reducing sugars or sucrose Kennebec ...8 ... 2 <0.01 <0.01 0.73 0.46
alone 40 6 2 1.80 0.72 1.31 1.36
: . 50 2 1 0.48 0.32 0.89 0.90
To check further the assumption that 50 8 1 0.13 0.12 0.77 0.65
potato chip color is a function of both Russet Rural 32 5 P 0.74 2 01 1.01 1.08
the reducing sugar and sucrose contents 50 2 3 0.40 0.28 0.86 0.94
of the potato tubers, data were selected Green Mtn 80 4 1 0.10 0.19 0.76 0.55
at random from all three harvest dates 50 4 2 0.63 0.16 0.93 1.00
(n = 156), and calculated reflectance Avb 0.97 1.02

values for the chips were compared with
the observed reflectance values. With
a correlation coefficient of 0.983 the
difference between the calculated and
observed color of the chips should not be
significantly different, regardless of the
varietal, maturity, or storage treatment.
An example in which nine random sam-
ples were compared is shown in Table
II. The difference between the average
of the nine measurements is not signifi-
cant, on the basis of Student’s T test, at
even the 509, probability level. This
finding confirms the high coefficient of
correlation obtained with the data of the
first potato harvest, and suggests that the
multiple regression equation may accu-
rately predict potato chip color.

Discussion

The observation that potato chip color
is best correlated with reducing sugars
and sucrose is consistent with the finding
that both reducing sugars and sucrose re-
act with amino acids in model systems to
produce brown color at temperatures
used to fry potato chips. All amino
acids and amides reported for the potato
tuber react with reducing sugars and
sucrose at temperatures used to process
chips.

That sucrose may also react with amino
acids to produce brown pigments may
explain chip color development when the
reducing sugar content of the raw stock
islow. An example is shown in Table 11
with the variety Russet Rural stored at
32° F. Other varieties behaved simi-
larly at this temperature. Similar ex-
amples with a high sucrose content were

@ Data of tubers analyzed on date of harvest.

b Difference between means not significant.

found with all varieties stored at room
temperature and occasionally at 50° F.
At 40° F. the reducing sugar content
nearly always exceeded the sucrose con-
tent of the tubers.

One explanation of why total sugar
values (sucrose and the reducing sugars)
do not correlate with chip color as well
as do the reducing sugars, while the mul-
tiple correlation between these three
parameters is excellent, is that sucrose
does not react in carbonyl-amine brown-
ing systems as readily as glucose does
(Figure 1). Conversely, reducing sugars
alone correlate fairly well with chip color,
because they are more reactive and a
greater portion of the reducing sugars en-
ter into the browning reaction. Sucrose
must first be hydrolyzed to participate in
a nonenzymatic browning reaction (7, 8).
This additional step explains the slower
reaction rate.

The high multiple coefficient of corre-
lation obtained between the sugars and
potato chip color suggests that the func-
tional nitrogen of the potatoes remained
relatively constant, that'catalysts for the
sucrose inversion and browning do not
change, and finally, that the amount of
color formed under conditions of con-
stant temperature and time is propor-
tional to the first power of the browning
reactants. Analyses for amino and
protein nitrogen indicate that the reactive
nitrogen of potato tubers could seldom, if

ever, limit the nonenzymatic browning
reaction in potato chips. ’

The multiple regression equation de-
rived from the data does not serve to
explain chip color with a reflectance
measurement less than 0.73. It would
appear that the reactions responsible for
light, desirable potato chips are not pri-
marily sugar-amino acid condensation
reactions. g '

Denny and Thornton (3, 4) reported
that glucose alone browns on filter paper,
while sucrose does not. - The authors
have found that neither glucose nor su-
crose will brown alone on filter paper un-
der conditions that simulate potato chip
processing, but both will brown in the
presence of an amino acid. This anom-
aly can be explained only by assuming
that the glucos¢ used by Denny and
Thornton was impure, or that the filter
paper contained an impurity which
would react with glucose, but would not
cause appreciable hydrolysis of sucrose.
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